Seeds of oat, coconut, soybean, sunflower, rice, millet, kidney bean, buckwheat, wheat, and corn and vegetative tissue of oit, pea, and corn were assayed for free indole-3-acetic acid (IAA), esterifled IAA, and peptidyl IAA. Three condusions were drwn: (a) al plat tissues examined contained most of their IAA as derivatives, either esterified or as a peptide; (b) the cereal grins examined contained mainly ester IAA; (c) the legume seeds examined contained mainly peptidyl IAA. Errors in analysis of free and bound IAA are dicsed.
Previous studies from this laboratory have described the isolation and characterization of esters of IAA and myo-inositol, and of IAA and myo-inositol glycosides (cf. 19, 28) from Zea mays. The isolation of the 2-0, 4-0, and 6-0 esters of IAA and glucose (7) and esters having 2 or 3 mol of IAA/mol of inositol (9) have also been described. In addition, two high mol wt esters have been characterized, an IAA-38-1,4-cellulosic glucan (23) from Zea and an IAA glucoprotein from Avena (21) . Other laboratories have reported the characterization of 1-0-(indole-3-acetyl)-3-D-glucose (31) and the peptide, indole-3-acetyl-N-aspartic acid formed from exogenous IAA (1) and as an endogenous compound (26) . Indole-3-acetyl-e-L-lysine has been isolated from a Pseudomonad (17) . Other IAA-sugar esters have been reported, as reviewed by Ehmann (6) , but their identity has not been established. The objective of this study was to determine if IAA esters and IAA peptides were widely distributed in plant tissues; to assay, quantitatively, free IAA, and the esters and peptides; and to see if patterns of occurrence emerged. The data for Avena and Zea, included in the compilation, have been published previously (3, 21) and an abstract of some of these data has appeared (25) . This is the first attempt to assay simultaneously for free, ester and peptidyl IAA in a variety of plants.
The validity of the isotope dilution method was established for IAA from Zea and Avena by demonstrating identity of the IAA by mass spectrometry and agreement in quantity when estimated by spectral, colorimetric, and gas chromatographic methods (3) . Isotope dilution analysis of IAA has been accomplished earlier by Hamilton et al. (14) and by Belli et al. (4) .
MATERIALS AND METHODS
Procedures and materials not mentioned have been described previously (3 Extraction. Vegetative tissue was extracted by homogenization in 70% acetone as previously described (3). The "4C-IAA and unlabeled, protective, indole-3-butyric acid were added immediately after homogenization. Yeast was treated as vegetative tissue except that 1,000 g were suspended in 1,700 ml of acetone to yield a final acetone concentration of 63%. Seeds were ground to a coarse powder in a hammer mill and samples of 300 g extracted for 10 hr in 2 liters of 70% acetone to which the "4C-IAA and indole-3-butyric acid had been added (3). The acetone extract was collected by filtration and the residue resuspended in 2 liters of 70% acetone and reextracted for 12 additional hr. Following filtration, the extracts were combined and reduced in volume (3).
Hydrolysis and Extraction of IAA. Free IAA was extracted into ether from the acidified concentrated extract as described (3) . Ester IAA was defined as IAA which was liberated by hydrolysis for 1 hr in 1 N NaOH at 22 to 25 C. Following hydrolysis the mixture was acidified and IAA plus hydrolyzed ester IAA were extracted into ether as described (3) . Peptidic IAA was defined as IAA liberated during 3 hr of hydrolysis in 7 N NaOH at 100 C. For hydrolysis of peptidic IAA, the 70% acetone extract was reduced in volume to about 100 ml, placed in a linear-polypropylene beaker and made to 7 N by the addition of solid NaOH. The beaker was placed in a desiccator provided with a gas inlet and outlet tube and the desiccator heated to 100 C in an oven. During hydrolysis, high purity, water-saturated, N2 gas was blown over the surface of the hydrolysis mixture. Following hydrolysis, the mixture was acidified, and the IAA, plus ester IAA, plus peptidic IAA were extracted into ether as described (3). These conditions were found to give quantitative hydrolysis of IAA-glycine. The IAA in the acid-ether extract was partitioned against NaHCO3. The NaHCO3 was acidified and the IAA reextracted into ether. The final ether extract was dried and the dried residue dissolved in CHC13-CH30H (3) for chromatography.
Chromatographic Isolation, and Quantitative Estimation of IAA. Chromatography on DEAE-cellulose, Sephadex LH-20, TLC, and GLC were as described (3) . The amount of IAA isolated was determined by UV spectrometry and by the Ehmann assay (8, 21 , and A. Ehmann, unpublished), and the amount of IAA in the tissue determined by isotope dilution (24) . (13, 18) and of IAA-amino acid conjugates (16, 17) has been demonstrated and there is indirect evidence for enzymic hydrolysis of the esters (14) . Presumably, the enzymes making and hydrolyzing the derivatives would be responsive to environmental inputs. A dash (-) indicates the assay was not done.
RESULTS

INDOLE-3-ACETIC ACID AND ITS DERIVATIVES
No conclusions can be drawn concerning the structures of the IAA derivatives of the seed and those occurring in vegetative tissue. It is only in the cases of Zea and Avena seeds that the structures of the esters have been determined (21, 28 Accuracy of the Assay. The accuracy of the isotope dilution method is independent of yield and the limits of precision are determined by the accuracy with which the initial and final specific activity of the IAA can be determined. The safeguard is to purify the IAA until an estimate of its concentration by colorimetry (8) and by its UV maxima at 285 and 225 nm agreed (3) and to check for errors in radioactivity determination due to quenching.
